Background. The aim of this paper was to describe and analyze the effect of antibiotic policy changes on antibiotic consumption in Swedish hospitals and to review antibiotic stewardship in Swedish hospitals. Results. The main findings were: 1) Antibiotic consumption has significantly increased in Swedish hospitals over the last decade. The consumption of cephalosporins has decreased, whereas that of most other drugs including piperacillintazobactam, carbapenems, and penicillinase-sensitive and -resistant penicillins has increased and replaced cephalosporins. 2) Invasive infections caused by ESBL-producing Escherichia coli and Klebsiella pneumoniae have increased, but the proportion of pathogens resistant to third-generation cephalosporins causing invasive infections is still very low in a European and international perspective. Furthermore, the following gaps in knowledge were identified: 1) lack of national, regional, and local data on the incidence of antibiotic resistance among bacteria causing hospital-acquired infections e.g. bloodstream infections and hospital-acquired pneumonia-data on which standard treatment guidelines should be based; 2) lack of data on the incidence of Clostridium difficile infections and the effect of change of antibiotic policies on the incidence of C. difficile infections and infections caused by antibiotic-resistant pathogens; and 3) lack of prospective surveillance programs regarding appropriate antibiotic treatment, including selection of optimal antimicrobial drug regimens, dosage, duration of therapy, and adverse ecological effects such as increases in C. difficile infections and emergence of antibiotic-resistant pathogens. Conclusions. Evidence-based actions to improve antibiotic use and to slow down the problem of antibiotic resistance need to be strengthened. The effect of such actions should be analyzed, and standard treatment guidelines should be continuously updated at national, regional, and local levels.
Background
Interventions to restrict and improve antibiotic use may slow down the problem of resistance (1) and are urgently needed in health care settings throughout the world. Antibiotic resistance causes increased mortality and morbidity, and higher costs (2) . In the European Union an estimated 25,000 deaths occur each year secondary to multidrug-resistant infections (3) . In low-income countries outside Europe there are no reliable estimates of the human burden of antibiotic resistance, but it is almost certainly higher than in Europe. The cost of treating a patient suffering a severe infection caused by a multidrug-resistant organism will by far exceed the cost of treating a patient infected by a susceptible organism of the same species. This is partly caused by a longer disease duration due to failure of initial treatment, and partly the need for hospitalization and more expensive drugs (2) . The World Health Organization and the European Commission have launched action plans to combat antimicrobial resistance (4, 5) . A systematic program for rational use of antibiotics in hospitals, usually termed 'antimicrobial stewardship', should include monitoring of appropriate use of antibiotics, and interventions to improve this by promoting an optimal antimicrobial drug regimen including agent, dose, duration of therapy, and route of administration (6) . The overall aim of antibiotic stewardship in hospitals is to optimize antibiotic use and clinical outcome so as to limit the emergence of antimicrobial-resistant bacteria and adverse events including antibiotic-associated diarrhea. Antibiotic stewardship should always be combined with actions to improve infection control and thereby reduce health care-associated infections. In most countries there is no legislation forcing health care providers to optimize their use of antimicrobial therapy. In a recently published Cochrane review and meta-analysis, the authors showed that interventions to reduce excessive antibiotic prescribing to patients in hospitals can reduce antimicrobial resistance or hospitalacquired infections, and interventions to increase effective prescribing can improve clinical outcome (1) . This meta-analysis supports the use of restrictive interventions when the need is urgent but suggests that persuasive and restrictive interventions are equally effective after six months. The Swedish Strama network (Collaboration against Antibiotic Resistance) has initiated interventions preventing the over-use of antibiotics in primary health care, including campaigns aimed at physicians, patients, and the media. These actions have been successful in reducing the Swedish outpatient antibiotic consumption measured as prescriptions per 1,000 inhabitants and year (7) . Approximately 10% of the total prescription of antibiotics in humans in Sweden occurs in hospitals. The aim of this paper was to analyze the effect of policy changes on antibiotic consumption in Swedish hospitals, and to review antibiotic stewardship in Swedish hospitals.
Interventions in antibiotic policy in Swedish hospitals
The Strama network, together with local drug and therapeutic committees, promoted the following changes in antibiotic policy in Swedish hospitals: 1) moderately severe (CRB-65 0-1) communityacquired pneumonia (CAP) should be treated with narrow-spectrum penicillins; 2) surgical prophylaxis should normally be given as one dose except in highrisk situations where 24 h is a maximum with few exceptions; 3) uncomplicated lower urinary tract infections in women should be treated with pivmecillinam or nitrofurantoin, including hospital inpatients, whereas the use of fluoroquinolones should be restricted; 4) extended-spectrum cephalosporins and fluoroquinolones should not be used in situations where treatment with a narrow-spectrum penicillin is an alternative.
Antibiotic consumption in Swedish hospitals, measured as prescribed doses in point prevalence studies
One in every three patients in Swedish hospitals received an antibiotic, according to Strama's repeated point prevalence studies (PPS) performed in 2003, 2004, 2006, 2008, and 2010 (8) . One patient in five was treated for a community-acquired infection, 1 in 10 for a health care-associated infection, and 1 in 15 received perioperative antibiotic prophylaxis (8) .
The point prevalence studies showed a 9% increase in the total number of patients treated with any antibiotic from 2003 to 2010. During the same period there was an 18% decrease in hospital prescription of cephalosporins, and a decrease in the prescription of fluoroquinolones, as well as a trend towards shorter surgical prophylaxis, indicating adherence to imposed policy changes. Cephalosporins were in particular replaced by piperacillin-tazobactam, and to some extent by narrow-spectrum penicillins and carbapenems, explaining the overall increased use of antibiotics in hospitals as revealed by these point prevalence studies. The studies comprised 24,655 patients, but as yet we cannot confirm that these changes in prescription were statistically significant (8) . Surveillance showing the percentage of appropriate choice of antimicrobial drug regimen, dose, duration of therapy, and route of administration is warranted if we are to determine whether or not further policy changes are required.
Antibiotic consumption in Swedish hospitals and nursing homes, based on sales statistics
Antimicrobial use in hospital care was measured as defined daily dosages (DDD)/thousand inhabitants and day (TIND). The number of DDDs was obtained from Apotekens Service AB (7) and the Swedish eHealth Agency. These hospital care data are from all Swedish hospitals as well as from those nursing homes and other care providers that order antibiotics via requisition. Based on these data a statistical trend analysis was performed using linear regression, and a P value < 0.05 was considered statistically significant.
Overall antibiotic hospital consumption increased from 1.18 DDD/TIND in the year 2000 to 1.63 DDD/TIND in 2012 (+38%) (P < 0.001). The corresponding figures for DDD/TIND were as follows: for cephalosporins 0.24 to 0.14 (-71%) (P < 0.001); isoxazolyl-penicillins 0.17 to 0.30 (+76%) (P < 0.001); beta-lactamase-sensitive penicillins (PcG and PcV) 0.16 to 0.22 (+38%) (P < 0.001); fluoroquinolones 0.13 to 0.16 (+23%) (P = 0.46); piperacillin-tazobactam and amoxicillin-clavulanic acid 0.01 to 0.09 (+900%) (P < 0.001); carbapenems 0.03 to 0.06 (+100%) (P < 0.001); aminoglycosides 0.01 to 0.02 (+100%) (P < 0.001); and for vancomycin 0.01 to 0.02 (+100%) (P < 0.001) (Figure 1 ). Corresponding significant changes were seen from 2000 to 2013, but data were missing for Jönköping county in November-December 2013.
Methodological problems with antibiotic sales statistics
The use of antibiotic sales statistics to measure the effects of antibiotic policy changes has the advantage of easy access but has several limitations since it does not show the true exposure, i.e. the prescribed daily dose (PDD) which is demonstrated in point prevalence studies (8) . In Sweden, the previously recommended standard doses of cefuroxime
do not conform to the WHO definition of DDD; 3 g/d and 4 g/d, respectively. According to Strama's repeated point prevalence studies (PPS) were the mean PDDs for cefuroxime and cefotaxime 3.5 and 3.1 g/d respectively, thus differed from DDDs as defined by WHO.
During the 1990s cefotaxime replaced cefuroxime in most Swedish hospitals after the recommendation from the Swedish Reference Group for Antibiotics (SRGA) (9) to abandon the use of cefuroxime in the treatment of Gram-negative infections, due to its inferior performance compared with cefotaxime (10) . The fall in sales of cephalosporins may thus be overestimated as a result of this policy change since DDDs do not correspond to the commonly used dosages in Sweden. On the other hand, it is now recommended that the dose of beta-lactams for severe sepsis and septic shock be increased (11) . As a response to this some counties now use cefotaxime 2 g three times daily (12) , which leads to an overestimation of numbers of patients treated with cefotaxime as measured by DDDs. In a similar way, the WHO DDD for PcG is 3.6 g, but according to previous PPS data (all studies, n = 754 (7)) the average prescribed daily dose for adults was 6.9 g, and thus DDDs based on sales statistics overestimate the use of narrow-spectrum penicillins.
Antibiotic consumption in hospitals, measured as DDD
The most recent data available concerning Swedish hospital sales statistics with only hospital consumption included (nursing homes and other care providers excluded) are from 2012 and show a wide variation between counties in the use of narrow-spectrum penicillins, ranging from 6% to 21% of the total hospital consumption measured as DDDs (7) . Cephalosporin use varied between 4% and 15%, and the corresponding figures for fluoroquinolones were 9% to 14%, 4% to 8% for piperacillintazobactam, and 3% to 8% for carbapenems (7) . This four-fold difference, between counties in cephalosporin consumption, based on sales statistics and measured in DDDs, may have several explanations. It may also be a true difference in prescribed doses due to a difference in local standard treatment regimens. It may be an artifact due to the higher standard doses for cefotaxime (cefotaxime 2 g Â 3 instead of 1 g Â 3) in some counties. Furthermore, higher rates of non-susceptibility to piperacillin-tazobactam compared with cephalosporins have been reported among Escherichia coli in some hospitals including Östergöt-land (11.5% versus 3.8% in 2007, personal communication Lennart E. Nilsson, Linköping University) and Karolinska University Hospital, Stockholm (14% versus 6% in 2007) (Figure 2 ). This has led to cefotaxime being the more rational empirical choice for E. coli sepsis in these settings, which could explain the relatively high consumption of third-generation cephalosporins. However, half of the proportion of E. coli with non-susceptibility to piperacillintazobactam was in the intermediate category and may be treated with piperacillin-tazobactam 4 g Â 4, provided there is an adequate source control (13) . In future presentations of antibiotic consumption in hospitals we recommend comparison of consumption in primary, secondary, and tertiary care hospitals within each county since the mix of patient cases may vary with the level of hospital specialization (more severe infections at the tertiary level).
Total antibiotic consumption in hospitals, measured as DDD/100 patient-days These data are based on sales statistics where data on the day of admission are provided as the denominator. The total antibiotic consumption in hospitals (nursing homes and other care providers excluded), measured as DDD/100 patient-days, increased by 9% between 2009 and 2012 (7). Correspondingly, the consumption of cephalosporins decreased, being replaced by piperacillin-tazobactam/amoxicillin with or without clavulanic acid, carbapenems, and penicillinase-sensitive and -resistant penicillins.
Summary and analysis of antibiotic use in Swedish hospitals
Based on sales statistics the overall antibiotic consumption in hospitals and nursing homes and other settings that order antibiotics via requisition increased by 38% between 2000 and 2012 (P < 0.001) (see above). replaced by piperacillin-tazobactam, carbapenems, as well as penicillinase-sensitive and -resistant penicillins. There were large differences between counties in use of different antibiotic groups. No analysis has been performed regarding the appropriateness of treatment, but this type of analysis may be carried out in point prevalence studies.
Use of PDDs is recommended in future analyses of the impact of antibiotic policy interventions on antibiotic use, since it measures what the patient actually receives and there are fewer flaws in data. PDD data can usually be collected from the hospital computer prescription systems or manually in point prevalence studies where the precision of antibiotic prescriptions can be assessed.
ESBL-producing Enterobacteriaceae
The incidence of extended spectrum betalactamase (ESBL)-producing E. coli (reported as cases per 100,000 inhabitants) has increased rapidly in all Swedish counties but is still low in the European perspective ( Figure 3 ) (7). The increasing incidence of ESBL-producing E. coli (ESBL-EC) bloodstream infections, a largely community-acquired or endogenous infection, is mainly influenced by factors other than hospital antibiotic consumption, international travel probably being the major cause of the rapid increase in ESBL-EC in Sweden (14) . The fall in hospital consumption of cephalosporins may lower selective pressure of these strains and prevent spread of highly transmissible strains, in particular ESBLproducing Klebsiella pneumoniae, in the hospital setting (15) . In the UK a successful antibiotic policy change has been achieved, lowering cephalosporin and fluoroquinolone consumption and reducing the incidence of Clostridium difficile infections (16).
However, there has been a substantial increase in use of amoxicillin-clavulanic acid, carbapenems, and piperacillin-tazobactam (16). Livermore et al. reported a relative decrease in cephalosporin and fluoroquinolone resistance among E. coli in bloodstream infections after the above-mentioned change in antibiotic use, but the total number of bloodstream infections caused by non-susceptible E. coli increased (17) . Thus, there were 12% more cephalosporinresistant cases of E. coli bacteremia in 2011 than in 2007, although the percentage resistance rates were higher in the first years (17) . Furthermore, according to the most recent data from EARS-Net, the number of third-generation cephalosporin resistant E. coli and K. pneumoniae in the UK returned to an all-time high in 2012 (18) . The replacement of cephalosporins with piperacillin-tazobactam and carbapenems has also been the case in Sweden (7). It is not possible to determine on a national level, neither in the UK nor Sweden, if replacement of cephalosporins with other antibiotics has led to a slowing down of the rise in invasive isolates of ESBL-producing E. coli and K. pneumoniae. However, reduction in the use of cephalosporins has been shown to be successful in ESBLproducing K. pneumoniae outbreaks (15) . In future surveillance programs we recommend monitoring changes in the hospital prescription of antibiotics and incidence of antibiotic-resistant bacteria and C. difficile at hospital and ward levels, since this may vary widely. For this reason interventions have to be adapted taking this into account, and evaluation must also take place at the local level.
Clostridium difficile
C. difficile infection is a frequently encountered health care-associated infection in hospitals. In the Cochrane report on 'Interventions to improve antibiotic prescribing practices for hospital inpatients' five studies were included on interventions against C. difficile infections (1) . All of the studies used the interrupted time series analysis method: one reported change in the intended direction by at least 15% and four by at least 50% (1). Only one of five studies had reliable data on the effect of intervention of antibiotic prescribing, and this study showed the most pronounced effect on C. difficile infections. However, this was not statistically significant, probably because of too few observations prior to the study. A nationwide Swedish surveillance program for C. difficile infections was initiated by the Swedish Institute for Communicable Disease Control in 2009 (7). The program included voluntary laboratory reporting of all new cases of C. difficile infection, plus determination of resistance and epidemiologic typing of isolates collected from clinical microbiology laboratories during two weeks every year (Figure 4) . In 2012, a total of 491 isolates were collected, and none of the isolates was resistant to the then available treatment options, metronidazole and vancomycin. Three other antibiotics were also tested (moxifloxacin, clindamycin, erythromycin), not because they represent any treatment alternative, but as a marker for selective pressure. Isolates with resistance to moxifloxacin, e.g. ribotypes 012 and 231, from 2009 to 2012 were clustered in geographical regions. This may have been caused by local outbreaks of resistant isolates or selection bias (7) . No considerable transmission of the highly virulent ribotype 027 has been observed in Sweden.
Six isolates of ribotype 027 were seen in 2013, but only two of these six isolates were moxifloxacinresistant and there was no clustering (Figure 4) . The first outbreak of ribotype 027 was described in Växjö Hospital in the county of Kronoberg in December 2013 (Thomas Åkerlund, The Department of Public Health, personal communication). Infection control precautions and antibiotic policy interventions to prevent transmission of C. difficile between patients must be based on up-to-date knowledge (19) . To measure the effect of interventions against C. difficile, indicators need to be developed, such as hospital antibiotic consumption in DDDs/100 patient-days versus number C. difficile events/100 patient-days, cost of cleaning/100 admissions, and quality of cleaning including adherence to hygiene rules (20) .
Invasive bacterial infections
In Sweden the incidence of invasive infections caused by ESBL-producing E. coli is increasing but is still at a level of only one-third of the average level in Europe (Figure 3 ) (7). In fact, the proportion of major community-acquired pathogens including E. coli, K. pneumoniae, and Staphylococcus aureus resistant to third-generation cephalosporins is still very small in the European and international perspective ( Figure 3 selection of ESBL-producing Enterobacteriaceae. Cefotaxime resistance among invasive isolates of E. coli increased from a low frequency of 1.5% in 2006 to 4.4% in 2012, and cefotaxime resistance among K. pneumoniae isolates increased from 1.5% to 2.6% over the same period (Figure 3) (7) . These figures are based on pooled data from communityand hospital-acquired infections. No cefotaxime resistance has been reported among invasive isolates of Neisseria meningitidis (data not shown). The MRSA rate among invasive isolates remained stable and below 1% from 2006 through 2012 in Sweden (Figure 3) (7) . This indicates that empirical treatment of severe community-acquired sepsis with a third-generation cephalosporin is still appropriate since it covers 95%-100% of the major pathogens encountered in this situation. However, a more systematic step-down strategy should be implemented for Gram-positive pathogens, including change to narrow-spectrum penicillins (benzylpenicillin or cloxacillin), as soon as susceptibility data are available and the infectious focus is outside the central nervous system. The susceptibility to benzyl penicillin among invasive isolates of K. pneumoniae and N. meningitidis in 2012 was 95% and 83%, respectively (7). Thus, benzyl penicillin is no longer an appropriate empirical treatment for N. meningitidis sepsis. The low risk of failure of a standard empirical treatment for sepsis in Sweden was confirmed in a recent study which showed that 93% of patients with severe sepsis or septic shock admitted to a Swedish ICU received adequate empirical antibiotic therapy (21) . There are no national data available on the susceptibility among invasive isolates of E. coli, K. pneumoniae, and Pseudomonas aeruginosa to the more and more frequently used piperacillin-tazobactam, but data comparing susceptibility to cefotaxime and piperacillin-tazobactam in invasive E. coli in the Karolinska University Hospital are provided in Figure 2 .
According to a recent multi-center study that included Swedish hospitals, an increase in the incidence of nosocomial bloodstream infections due to antibiotic-resistant bacteria has occurred in addition to infections caused by antibiotic-susceptible bacteria, increasing the total burden of nosocomial bloodstream infections (22) . However, since only local hospital data are available for patients in Sweden there is no nationwide picture of the problem of nosocomial bloodstream infections caused by antibiotic-resistant bacteria.
Antibiotic guidelines for patients suffering from nosocomial infections should be based on the local microbiologic surveillance results of each department and related to underlying diseases and risk of infection with pathogens difficult to treat such as Pseudomonas or Candida resistant to standard treatment (23) .
Conclusions
The main findings of this study were: 1) Antibiotic consumption has increased in Swedish hospitals over the last decade. The consumption of cephalosporins has decreased, whereas that of most other drugs including piperacillin-tazobactam, carbapenems, and penicillinase-sensitive and -resistant penicillins has increased, thus partly replacing cephalosporins. 2) Invasive infections caused by ESBL-producing E. coli and K. pneumoniae have increased, but the proportion of pathogens resistant to third-generation cephalosporins causing invasive infections is still very low in the European and international perspective. 3) We have identified the following gaps in knowledge: 1) lack of national, regional, and local data on the incidence of antibiotic resistance among bacteria causing hospital-acquired bloodstream infections and hospital-acquired pneumonia, data on which standard treatment guidelines should be based; 2) lack of a program for the surveillance of C. difficile infections, and for assessment of the effects of changes in antibiotic use on the incidence of C. difficile infections and infections caused by antibiotic-resistant pathogens; 3) lack of prospective surveillance programs regarding appropriate antibiotic treatment, including selection of optimal antimicrobial drug regimens, dosage, duration of therapy, and adverse ecological effects such as increases in C. difficile infections and emergence of antibiotic-resistant pathogens. Evidence-based actions to improve antibiotic use and a retardation of the resistance problem must be strengthened. The effect of these actions should be assessed, and standard treatment guidelines should be continuously up-dated at national, regional, and local levels.
